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Stnt*'AKY OF RECENT EXTERNAL NEVTRON-YIELD MEASUREMENTS 

BY THE MnSOi, TANK METHOD 

V a lte r  E* C randall and 0eorge V ,  K illburn

R ad ia tion  Laboratory, Department o f Physics 
U n iv e rs ity  o f  C a lifo rn ia , B erkeley , C a lifo rn ia

September 17, 1951*

The purpose o f  t h i s  rep o rt i s  to  summarise a l l  e x te rn a l y ie ld  da ta  not 

y e t  published* P rev ious y ie ld  measurements have been repo rted  in  MBA Q uarterly  

P rogress Reports DCRL-1009, -U 5 7 , - 1 4 # ,  -1575, -1905, -2191*, and UCRL-2518.

A com pute d e sc r ip tio n  o f  th e  MnSÔ  tank  method and a summary o f  e a r l i e r  y ie ld  

m a su ra a e iitt i s  g iven  in  UCRL»206>, which should  be consu lted  f o r  d e ta i l s  o f 

th e  measurements and fo r  a  d iscussion  o f p o ss ib le  system atic e r ro rs*  A ll y ie ld  

values quoted h e re in  u e  unconnected f o r  any system atic e r r o r s  except background 

a s  noted*

The work rep o rte d  was done under th e  su p erv is io n  o f Dr. C. M. Van A ttu  and 

w ith  the a s s is ta n c e  o f  F . Adclwrn, V. Blmbaum, D. Hicks, J .  l e e ,  J r . ,  R. Main,

H. Pyle, U Sc t e e t e r  and M. Whitehead*

5ftHi*v Pcutcrqflf

The y le ldo  fo r  deutcrono o f approxim ately 520 Mev were measured using 

th e  deutenono produced by s tr ip p in g  Wtr iom s. The energy o f th e  dkmterons 

was co ck e d  by de term in ing  the  Bragg curve f o r  two runs spaced 9  months a p a r t; 

on these run* 4 and 6  racaourenrnts vcrc  made g iv ing  re sp ec tiv e  averages o f
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9.12 ± 0,29 and 9*77 ± 0,27 neutrons per Incident deuteron for a 10-1/8 x 12 * II* 
inch uranium target. The me in energy v »  )15 4 10 Mev for both rune. (See 

Iso, Pyle, Hicks and Main, Rev, Sci. Instr.2£, b)7 (I.95U) for a description 
of the bean so Stained.) The "background" measured vith no target in the 

tunnel and with the HnSQi* plug removed free the bean vns about 10 percent of 
the above numbers but vai not subtracted (aee UCRL-219h, p. 12), sinco it is 

not believed to represent the background present vhen the target is in posi

tion, In addition, the "background" was measured once with the cyclotron 

operating and vith the target In position but vith the steering magnet current 

off so accelerated charged particles could not directly reach the cave; this 

background nos entirely negligible.
The uncertainty in the beasi monitor Is greater then normal since the ion 

chambers could not be directly calibrated (low bean intensity), Instead the 

ratio of dE/dx at 190 and 520 Mov vas calculated from the Range-Energy Curves 

of Aron, Hofftaan, and Williams (AECU-663) and the multiplication of the 
chamber at 320 Mev calculated from the calibrated multiplication at 190 Mev,

One calibration vas performed and gave oatlsfactoiyagreement vith the calcu

lated ratio.

The following table lists the best values of the yields measured by the 

MnSOj, tank for this boom, (The measurements made in the 12-inch tank may be 

systematically higher than those mode In the lft-inch tank because of the in

creased neutron leakage,) For targets leas than one range thick, the background 

vas subtracted as in UCRL-2194, p. 12.
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Table I

Yield* for 320-Mev Deuteron*

Target (inches) Yield (neutrons per 
Incident deuteron)

Tank Used

Uranium 10-1/8 x 12 * 18 9.1 * 0 .3 m 18-loch
Uranium 10-1/8 x 12 x 12 9.8 i  0.5* 18-loch
Uranium 1/2 X 12 X 12 1 2.16 jt 0.10 18-loch
Uranium 1 x 12 x 12 4.50 ± 0.15 18-loch
Carbon • Q x 24 x 24 1.2 ± 0.1 12-Inch
Carbon ♦ a x 24 x 21*

Uranium 10-1/8 x 24 x 24 4.3 ± 0 .2 12-inch
Beryllium 9 x 24 x 24 1.9 ± 0.2 12-inch

•  This value 1* booed on a d irec t calibration of the Ionisation 
chamber v lth  the 320 Mcv douteron beam.

Neutron;,

Yields for various targets in the 90* and 160-Nev neutron beams have been 

measured and are described in oaacvhat more deta il in UCRL-2706. The results 

are lis ted  in the following table (v lth  measured backgrounds subtracted). The 

16-inch MnGOj* tank was used in a l l  measurements. Only one run was node for 

each target.
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Tabic IX

Y ields fo r  90>.ind 160*Hcv Neutrons

Target ( Inches) Yield (neutrons nor 
Incident neutron)

km  90*Mcv Neutron*

Uvaalua l /2  x 6  x 6 1.25 1 0.12
Ur aaiua X * 6  x 6 2.33 X 0.21
Uroeium 1 x 12 x 12 8.57 i  0.25
Uvaalua 1-1/8 x 12 x 12 2.77 * 0.28
Uranium 3- 5/8 x 12 x 12 7.32 ± 0*Tb
Uranium 6-5/** x 12 x 12 10.7 l  1-1
Uronlun 10-1/8 x 12 x 12 12.2 1 1 .2
Uranium 11-5/8 x 12 x 12 12.7 i  1.3

Cadmium 1-3/8  x l x * 0.16 x 0.05

Copper 2-3/8  x 1 x 1 0.85 x 0.09
Copper 1-5/16 x 1 x * O. VI 1 0.0b

Aluminum H-l/b x b x b 0.21 x 0.02

Carbon 6-15/16 x b x b 0.29 1 0.03

B. 160*Mev Neutrons

Uranium 2-1/1 x 12 x 12 6.2 x 0.6
Uranium 5 X 12 x 12 10.8 x l . l
Uranium 9 x 12 x 12 16.0 x 1.6
Uranium 15-3/1 x 12 x 12 17.5 x 1.8
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490-Kcv He 3 Partic les

One run was node with the deflected 490-Mev Hê  bean. One run was node 

on each of the following target! with the exception of uranium, for which two 

runa were node* The f ir s t  two ta rg e ts  are d iffe ren tia l and the background 

has been subtracted as above; the la s t  two are greater than a range. The 

lonltatlon-chsabcr multiplication vns calibrated against a Faraday cup. The 

lQ-inch tank was used.

Table III

YltUo for 490-Hev He5 Partic le .

Target Yield
(neutronsper Incident Ke )̂

Cadmium 6.101 9 1 / 4  x 4 In 0.35 ± 0.04
Cadmium 12.24 91/ cmz, 4 x 4 In 0.71 Jt 0.07

Tantalum 2 8 . 7 5  ®Vcn2, 5  x 4 In 1 . 8 0  *  0 . 2

Uranium 5<t.l5 (*/ca2, 5 x 5 In 3 . 2 6  t  0 . 2 1
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3bO jjg Preton#

Several d ifferen tia l target# were used with the }UO-Mev proton bean.

The neaoured yield# with the background aubtracted a# above are given in the 

following table. The ta rg e t dimenoion# vert U x b in. except! thorium, b-l/b 

in . d ia . cylinder; uranium, 3 x 3 in. The 18-lnch tank v&s uned*

Table IV

Yields for Jb0*Mev Protons

Target Yield
neutron# per incident proton)

Ho. of Runt

Aluminum 28.77 g^cn2 0.328 t  O.Oto 1
Aluminum 57.55 * 0.666 ± 0.0W 3

Copper 29-95 * 0.631 * O.OUO 1
Capper 59.82 " 1.17 ± 0.0U 3

Cadmium 30.71 * l . l i  ± 0.0b 1
Cadmium 61.*3 “ 1.91 ± 0.10 2

Thorium 52.1.5 " 1.90 ± 0.10 1
Thorium 62.1b M 3.D3 ±  0.21. 3

Uranium 62.35 " it.>8 ± 0.19 ft

Uranium 1 /t x } x 5 In 1.79 ± 0.01 2
Uranium 1 X  3 X  3 in 3.71 1 0.12 2
Uranium 2 x 3 x 3 in 6.W i  0.19 ft
Umniua 3 x 3 x 3 in 8.29 t  0.28 2
Uranium 6 x 3 x 3 in 8.90 i. 0.27 2
Uranium 12 x 3-3/8 x 3-3/8 in 9.10 a 0.27 ft

* * ; i ' i %* •**:  K* i• ••• * • • * • •; : :• : . ... : u  ; : !
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190* Mev Deutcruns

The yield data fgr 190-Mev deuterona art conveniently broken into tvo 

parte: differential (leea than one rangeX and laterally "infinite" (2k x 2h 

in. or greater) tarpete. Yield* for differential targets vere Matured in the 

l8~inch tank; those for laterally infinite targets, in the 12-inch tank.

Table V
*  % ...

Differential Target Yields for 190-Mev Deuterons 
(background subtracted)

Target Y ield (n e u tro n *  per 
In c id e n t d e u te ro n )

Ho. o f  Runs

Uranium 1/16 x l  x  2 In 0.166 a  o.OL) 2
Uranium 1 /8  x 2 x e i n . 0 .5 0 5  a  0 .0 2 5 2
Uranium 1/1. x H x Z i n . 1 .04  t  0 .0 5 1
Uranium 1/2 x Z x 2 i n . 1 .92  1  0 .1 0 1
Uranium 5 /8  x 2 x 2 in . 2 .>0 ±  0 .1 2 1
U ranium 1 x 2 x 2  i n . 2 .k2  i 0 . 1 2 1
Uranium 2 x 2 x 2  i n .* 2 .7 5  1 0 . 1 5  

2 .88  ±  0 .1 k
1

Uranium 5 x 2 x 2  in .* 1
Carbon ♦ k x k x k i n .

Uranium  10-1 /6  x 12 a 12 in .* i . 8 j  ±  0 .0 7 2

Uranium 1 2 .07  p /c i a 2 x 5 x  5 1 .02  1 0 .0 5 5
Thorium l k . 8 2  g m /c m 2  x k - i / k  d i a . 1 .1 0  ± o .o e k
Lead 12.59 gm/c*2 x k x k 

12.2k gm/aa* x k x  k
0 .7 * k  1  0 .0 5 0 X

Cadmium 0 .5 9 9  1  0 .0 1 5 5
Copper 11.74 g » / c B 2  x 4 xl 4 O .k l l  i  0 .020 2
Copper 11. k8 p /c m 2 x k x  k 0.40E t  0 .0 1 6 2
Aluminum 11.92  p i/cm 2 x U x  k 0 .2 9 2  t  0 .015 k
Carbon 7 .6 ?  p / c * 2 x k x  k 0 .164  i  0 .014 2
B ery lliu m  10.20 ga/cm2 x k x  6 0 .4 ) 8  + 0 .015 k
L ith ium k -1 /2  x k d ia . 0 .Z 08 *  0.01Z 1

• ncr.differential target*
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Table VI

L aterally-Infin ite  Target Yields fo r 190-Mcv Deuterona

T arget Y ie ld  ( n e u tro n s  p e r  
I n c id e n t  deu tero n )

Mo. o f  Runt

( 5 - 5 A  c  ♦ 1 0 -1 /8  U) x  24 x 24 2 .5  * l . k 2

If X  12 X  15 Bf 0 .9 9  ±  0 .0 5 1
10 x  12 x 15 Be 1 .2 5  x  U.06 2
22 x  12 x 15 Be 1 .2 5  ± 0 .06 1

4 x 24 x 24 Be 0 .» 6  ±  0 .05 2
4 x 24 x  24 B«* 0 .9 k  i  0 .05 1

4 Be ♦ 5 -5 /S  U) x 24 x  24 M l *  0 .15 k
4 Be ♦ 10 -1 /8  U) x 24 x 24 2.kO ±  0 .12 5
4 B e! ♦ 5 -5 /6  U I) x  24 x  24 2 .0 6  ±  0 .1 0 k
4 B e. ♦ 1 0 -1 /8  Ut ) x 24 x 24 1 .9 0  i  0 .1 0 5
U Be* ♦ 1 0 -1 /8  U) x 2k X 2k 1 .95  i  0 .10 2

( 5  Bo ♦ 5 -5 /8  UT ) x 24 x 24 2 .1 0  1  0 .10 E ''

5 -5 /6  x  24 x 24 U 5-46  t  0 .1 7 B
1 0 -1 /8  x  24 x  24 U 5 .1 9  t  0 .18 1

( 5 / 8  U** ♦ 1 0 -1 /8  Uf ) x 24 x 24 2 .9 6  1  0 .15 5

5 x 56 x 56t t 2 .5 6  1  0 .12 k

•  Moderated P rim ary  : 1/ k  Ai between e a c h  1 Be
« • Moderated P rim a ry : 0 .022  A1 betw een e a c h  1/16 U
T Moderated S econdary : 5 /16  Al betw een each  1 -1 /6
11 Moderated T a re ^ t :  F l r e t  1 o f  U: 5 /5 2  CM2 between each  1 /1 6  Uj

Second k o f  Ut 5 /52  CK« eurm unding  1 /2  x U t  x 56
b a re  o f  U.

M otet Because o f  in c re a s e d  n eu tron  le a k a g e , th e  meaeuremnnta in th e  1 2 -Inch
MnS04 tank  nay te n d  t o  be 5 p e rcen t h ig h e r  th e n  thoee  in  th e  1 8 -in c h  tank
(UCt&«1905, p . 8 k ) .

This work was performed ujvtar the aueplcee of the U, 5. Atonic Energy 
ComlBolcm.


